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Introduction
Attention skills are a fundamental prerequisite of learning and attention problems predict lower academic success (1, 2) . Attention skills have been regularly reported to be impaired in children and adolescents who were born very preterm (gestational age at birth <32 weeks) (3) (4) (5) (6) . In contrast, findings are inconsistent for children born moderately or late preterm (gestational age at birth between 32 and 36 weeks) (3, (7) (8) (9) (10) ).
Up to a third of preterm births are iatrogenic because of concerns about maternal or fetal health (11). Elective caesarean birth is common in iatrogenic births, and this mode of delivery has been associated with adverse outcomes in the neonatal period (12) (13) (14) (15) and beyond (8, 16 ).
Talge and her colleagues (8) reported a significant association between elective caesarean birth and attention problems in children born late preterm (34-36 weeks).
Fetal growth restriction (FGR), commonly associated with a variety of pregnancy complications (i.e., preeclampsia), is a common reason for elective caesarean birth (8).
Smallness for gestational age (SGA: i.e. a birth weight below 10 th percentile) has been used as a proxy for FGR (17) . SGA has been reported to significantly predict attention related problems in some studies (6, 10, 18) but not in others (8, 19, 20) . Thus, while the link between very preterm birth and childhood attention problems is well established, the impacts of moderate/late preterm birth, SGA and elective caesarean birth are still uncertain.
The objective of this study was to investigate the impact of gestational age at birth, and SGA on child attention at 6 and 8 years across the full gestation spectrum. Firstly, we examined the impact of gestational age on child attention. We hypothesized that gestational age at birth is associated with child attention at school age (6 and 8 years) independent of whether reported by parents or examiner. We also hypothesized that the relation of attention with gestational age at birth would be non-linear because attention difficulties are disproportionally higher after very preterm birth than previously reported after later preterm birth. Secondly, we examined whether SGA additionally predicts attention outcomes while controlling for potential confounders such as Attention problems and gestational age 4 prenatal complications, elective caesarean birth, head circumference in infancy and family socio-economic status (hereafter family SES).
Materials and Methods

Study Sample
Details of the design of the Bavarian Longitudinal Study have been described previously (21). Of the eligible children, 1475 participated in the follow-up at both 6 and 8 years. Children who did not attend the assessments either at 6 years or at 8 years (N=38) did not differ from children who attended assessments at both time points (N=1475) in terms of gestational age, prenatal complications, mode of delivery, SGA status and head circumference but were more often of low family SES (χ 2 (1) = 21.315, p <0.001). Furthermore, we excluded an additional 40 children who were born post-term (42 or more completed weeks of gestation) because post term birth has different causes and is associated with an increased risk of developmental abnormalities (23). Table 1 shows the characteristics of the final sample with gestational age at birth ranging from 25 weeks to 41 weeks (N=1435).
Measures
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Gestational age was determined from a combination of maternal reports of the last menstrual period and serial ultrasound fetal biometry during pregnancy. Prenatal data were coded from the standard Bavarian perinatal survey (24) assessed prospectively and included 14
items (e.g. preeclampsia) ( Table 1 ). Higher scores on this scale indicate more complications with a range from 0 (best condition) to 14 (most risky condition) (25).
Mode of delivery was coded in the Bavarian perinatal survey (24) as elective caesarean birth, emergency caesarean birth or vaginal birth. For the purposes of the current study we reclassified mode of delivery as elective caesarean birth versus delivery following labour (vaginal birth or emergency caesarean birth). Children with birth weight less than the gender specific 10 th percentile for gestational age according to a perinatal survey of all Bavarian newborns (24) were classified as small for gestational age (SGA); 376 children were SGA and 1059 children were born with a birth weight appropriate for their gestational age (AGA). Figure 1 shows the frequency of children who were born small across the whole gestation spectrum.
SGA was most frequent between 32 weeks and 37 weeks with a range from 35% to 50% of total births at each week.
The primary outcome of this study was the level of attention of the children reported by parents and examiners separately at the ages of 6 and 8 years. Mothers rated their children's attention problems using the attention problems scale of the Child Behaviour Check List (CBCL(26)). Higher scores on this 11 item scale indicate more attention problems.
Examiners reported on children's attention skills in two ways. First, the assistant psychologist rated children's behaviour during a cognitive assessment that lasted on average 80 minutes using the Tester Ratings of Child Behaviour (TRCB (1, 27)). Six of 13 items were combined to create a Task Orientation subscale including attention, robustness/endurance, demandingness (reversed score), cooperativeness, compliance and difficulty (reversed score).
Inter-class correlations in inter-rater reliabilities ranged from 0.63 to 0.97. Second, adapting a consensus model, the whole research team (psychologist, assistant psychologist and paediatrician) evaluated children's behaviour based on their observations during the whole assessment day. They rated children's behaviours using three items of the TRCB: attention, robustness/endurance and demandingness (reversed score) (1) . An index score of attention and grouped as high, middle and low according to predefined cut-off points .
Statistical Analysis
We used SPSS 21.0 to analyse the data. First, we examined all the variables for outliers and normality. Next, we compared all included variables between AGA and SGA groups using
One-Way ANOVA for continuous variables and χ 2 test for categorical variables. Prior to testing the first research question about the effect of gestational age, we fitted curve estimations and found the quadratic model to be the best fitting model. Next, we fitted regression analyses with gestational age and its quadratic term as predictors for each outcome variable separately. Prior to regression, we centred gestational age at 37 weeks as an attempt to decrease co-linearity between the gestational age linear term and the gestational age quadratic term. To illustrate the quadratic relation, we fitted regression lines from week 25 to week 41 with their 95% confidence intervals.
In order to address the second research question regarding the effects of elective caesarean birth and SGA, we fitted hierarchical regression models where we entered prenatal complications and elective caesarean birth into a third model after gestational age and its quadratic term; SGA in the fourth model; and head circumference in the fifth model. In the final model, we adjusted the analyses according to family SES. Table 1 reports the sample characteristics. On average there was a significant decrease in parent-reported attention problems from 6 years to 8 years (t 1335 =18.973, p<0.001) and there
Results
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was a significant increase in examiner-reported attention skills (t 1310 =23.759, p<0.001) from 6 years to 8 years. Table 1 also shows the comparisons across the two birth weight groups, AGA and SGA.
AGA children had, on average, higher gestational age at birth, fewer prenatal complications, were born more frequently following labour and had higher head circumferences at 5 months compared to the SGA group. Furthermore, SGA children were more often of low SES families.
Is the relation between gestation and child attention linear or non-linear?
We examined the relationship between gestational age and attention outcomes at 6 and 8 years. Model 1 and Model 2 in Table 2 show the standardized beta coefficients and their 95%
confidence intervals for parent-reported attention problems. The gestational age quadratic term was a significant predictor at both 6 and 8 years. As shown in Figure 2a and 2b, the relation between gestational age and parent-reported attention problems is concave, indicating higher attention problems with every week of gestation either before or after 37 weeks. However, at gestational ages later than 37 weeks, differences in attention problems per week of gestation were very small.
The effect of gestational age at birth on attention was similar on the examiner-reported attention skills (see Model 1 and Model 2 in Table 3 ). Both the linear and quadratic terms were significant predictors at both 6 years and 8 years. As can be seen in Figure 2c and 2d, the relation between gestational age at birth and examiner-reported attention skills is also concave but downwards, indicating lower attention skills both before and after 37 weeks but very small differences per week of gestation after 37 weeks indicating no significant difference between 37 and 41 weeks.
What is the effect of SGA on attention in childhood?
We fitted hierarchical regression models separately for each outcome variable (see Table 2 & Table 3 ). Adjusting for gestational age, prenatal complications, and elective caesarean birth being SGA was consistently a risk factor for attention problems or reduced attention skills Further, we examined the interaction between gestational age and SGA status and found no interaction, indicating that the impact of being SGA was similar across the whole gestation spectrum The impact of being SGA was attenuated but was still significant once Attention problems and gestational age 8 adjusted for head circumference at 5 months.. However, its impact at 8 years disappeared when adjusted for child sex and family SES.
Discussion
We found a significant non-linear relationship between gestational age at birth and attention outcomes in childhood regardless of the source of data (parents, examiners who were blind to preterm status) or age at assessment (6 and 8 years). The non-linear relationship remained significant after adjusting for prenatal complications, whether born after labour or by elective caesarean, SGA status, head circumference and family SES. Furthermore, being SGA was an additional risk factor for poorer attention in childhood across the full spectrum of gestation; however its impact disappeared by 8 years.
The strengths of this study are its prospective design and large sample; inclusion of the full spectrum of gestational age, with a focus on gestational age in weeks rather than aggregated periods and using multiple sources for child outcomes at different ages. There are also limitations. Induction of labour is a factor that has been associated with improved maternal and/or fetal condition at birth (30, 31). We were unable to examine the impact of induction as induction and acceleration after labour onset were coded as one variable. Second, SGA was used as a proxy of FGR. However, some newborns are constitutionally small rather than growth restricted and their prognosis is less likely to be influenced by SGA status (32). We were unable to differentiate constitutionally small newborns from FGR newborns due to lack of data on prepregnancy maternal weight which is a crucial factor when defining constitutional smallness (33). Moreover, these studies did not distinguish between inattention (ADD) problems and hyperactivity/impulsivity problems (ADHD); there is substantial empirical evidence for the risk of inattention, rather than hyperactivity symptoms of ADHD in relation to prematurity (1). We analysed the whole gestation spectrum and found a significant non-linear association between gestational age at birth and child attention. To illustrate the quadratic effect at age 6 years, the decrease in attention problems with one week increase in gestation at 31 weeks (i.e., the difference between 31 weeks and 32 weeks) was 8.6 times higher than the decrease in attention problems with one week increase in gestation at 37 weeks (i.e., the difference between 37 and 38 weeks). Similarly, the increase in attention skills for one week increase in gestation at 31 weeks was 3.5 times higher than the increase in attention skills for one week increase in gestation at 37 weeks. Our study provides strong support for an increased risk of inattention with decreasing gestation at birth. This relationship was found to be non-linear with increasing adverse impact on attention with each week of gestation the lower the gestation.
Consistent with previous studies (1, 3-6), we found that very preterm children still have the lowest attention skills at 8 years of age, showing the importance of reducing the rate of preterm birth. Unfortunately, to date, no interventions designed to prolong pregnancy have been shown to result in an improved long term outcome. This may be because prolonging pregnancy without ameliorating the adverse intrauterine environment associated with impending preterm birth simply keeps the baby longer in a damaging environment, thus negating any improvement consequent upon being born at a later gestational age. This emphases the importance of addressing the factors leading to preterm birth (e.g. infection, malnutrition, social disadvantage, stress, drugs, induced multiple pregnancy from IVF, hypertension and diabetes) rather than trying to prolong the duration of an abnormal pregnancy (37).
In unadjusted crude analysis, we found a significant effect of elective caesarean birth on attention outcomes (data not shown) but this effect became non-significant once adjusted for gestational age. Previously, adverse outcomes of elective caesarean during childhood (8) have been reported when gestational age was not taken into account. In our sample, the average Attention problems and gestational age 10 gestational age at birth in the elective caesarean group was 4 weeks earlier than the gestational age at birth in the labouring group. Therefore, the significant effect of elective caesarean birth found in previous studies might be partly explained by differences in gestational ages at birth.
The current SGA results are consistent with previous findings suggesting that SGA is an additional risk factor for attention problems or reduced attention skills (6, 10, 38). Our results shed light on the inconsistent findings regarding the impact of SGA across the full gestation spectrum (10, 39); SGA as defined in our study has similar adverse impact across the whole gestation range. The impact of SGA status is also only partially linked to brain size. After adjusting for head circumference as an indicator of brain size, the impact of SGA on child attention was attenuated but was still significant, suggesting that SGA might be linked to both reduction in brain volume and alteration in brain structure (39). Once child sex and family SES were controlled the impact of SGA on 8 years attention problems and reduced attention skills disappeared; however, no interaction between SGA and child sex or between SGA and family SES were found (data not shown).
To conclude, our study suggests that attention problems are not limited to children born very preterm but gestational age at birth matters for all children below 37 weeks of gestation.
Fetal growth restriction is amongst the most common reasons for elective caesarean birth and one reason for shortened gestation. Future research should concentrate on ways of improving fetal development and preventing early deliveries by improving maternal health; this will in turn improve neonatal and childhood development.
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